Polyhydroxyalkanoates (PHA) are biodegradable and biocompatible green thermoplastics, synthesized by wide variety of bacteria as an intracellular carbon and energy storage intermediate. They are used as an alternative to nonrenewable petroleum derived plastics. The current interest in these biopolyesters is stimulated by the search for cost-effective capitalized production. This paper attempts to achieve maximized production rate from recombinant system using inexpensive substrate. Molasses from agro-industrial waste was used to produce PHA from recombinant E.coli in batch culture. PHA yield in molasses (3.06g/L ± 0.05-75.5%) was higher than that of sucrose (2.5g/L ± 0.05 -65.1%). Properties of the polymer produced from molasses and sucrose were analyzed by DSC, TGA, DTA, GC/MS, TLC and optical rotation studies. The findings suggested that molasses enhanced PHA production in recombinant E.coli.
INTRODUCTION
Polyhydroxyalkanoates (PHAs) are optically active polyesters of natural origin (15) . It is synthesized in microorganisms as intracellular carbon reserve material during the excess of carbon under nitrogen limiting conditions. It can be utilized by micro-organism as a reserved material at the time of its need (13) . As it has material properties (Molecular weight, Melting temperature, Glass transition temperature) similar to synthetic polymers (24) , it is trusted to triumph over the problems and harmful effects of plastic wastes (3, 16, 22) .
Owing to these features, PHAs have drawn much attention for numerous industrial applications.
A major limitation to achieve marketable production of PHAs is their higher price than synthetic fossil fuel based plastics. The high production cost is the most important barrier hindering PHA to compete the market with conventional synthetic polymers. For instance, Zeneca Bio Products (Billingham, UK) produced approximately 1,000 tons per year of PHB/V copolymer at ca. US $ 16/kg. The price of conventional petrochemical plastics is less than US $ 1/kg (11, 23) . To achieve successful commercialization of PHA, economic production system must be sort out. As the cost of raw material (substrate, bacterial strain) is one of the major factors influencing the economy of production (18, 20) , the present study is concentrated on the cost effective production of PHA by combining the use of inexpensive substrate (molasses) for the growth of the potential strain. PHA that is semi-crystalline, with low melting point (T m ), high elongation to break can be used for biomedical applications.
Based on these above said concerns, the present study is focused on to achieve lower production cost using molasses as substrate for recombinant strain and characterization of material properties of PHA to ensure quality product for medical application. 
MATERIALS AND METHODS

Bacterial strain and Growth conditions
Carbon Substrate
PHA production was studied using the molasses (dark brown in colour) obtained from sugar refinery mill, Madurai District (India). For comparative assessment expensive carbon substrate, sucrose (Himedia) was used.
Fermentor Studies
PHA production was achieved by using lab scale 
Polymer Recovery
Cultured broth was centrifuged at 8000 g for10 min and the pellet was washed thoroughly with distilled water (19, 7) . (Figure 1 ). The PHA yield was increased when molasses (3.06g/L± 0.05-75.5%) was used as carbon source than with sucrose (2.5g/L ± 0.05 -65.1%). Figure 2 illustrates the kinetics of the production.
RESULTS AND DISCUSSION
Biosynthesis of polymer
The enhanced PHA production in molasses could be attributed by the composition of the substrate. The C:N ratio has led to unbalanced nutrient condition, which in turn had led to inhibition of TCA cycle enzymes such as citrate synthase and isocitrate dehydrogenase and consequently have slowed down the TCA cycle. As a result, the acetyl co-A routed to PHA biosynthesis (2) . Figure 3 depicts that the production cost using molasses is relatively lower compared to sucrose. 
Examination of Optical rotation
The optical rotation of methyl ester of PHA from molasses as well as sucrose grown cells was negative (-1) which indicates that R form is enantiomerically excess in accordance with earlier reports (6) .
GC-MS analysis of PHA
GC-MS analysis helps in elucidating the structure of components. The key compounds of concern were identified based on their retention peak. PHA from recombinant E.coli cultured with molasses significantly contained C 9 H 20 O 3 (Propane -1, 1 triethoxy-) and C 12 H 26 (Dodecane) (Figure 6 ). These compounds signify that the monomer chains were of biodegradable polyester family (11) . Characteristic fragment at m/z 103 suggested the presence of hydroxyl group of carbon 3 formed by cleavage of alpha to the hydroxylated carbon (12) . This had made apparent that financial prudence effort had no way compromised the eminence of artifact.
PHA recovered from sucrose grown cultures had significant compounds like C 12 H 24 O 3 (Dodecanoic acid 3-hydroxyl-) and C 14 H 30 (Tetradecane) (Figure 7 ).These are biodegradable by virtue of hydrolysable ester bonds (4). The components identified had served as evident for the verity that nutrient and culture conditions modify the side chain length.
PHA production by recombinant E.coli harboring phaC1 gene was studied using molasses as nutrient substrate, indeed to lower the production cost. Its effect on properties was tracked and it's now evident that molasses as a substrate did not adversely affect material properties and in fact had led to betterment. This study will lead to economic PHA production appropriate for large scale intended for commercialization. PHA from Recombinant E. coli harbouring phaC1 gene Figure 6 . GC/MS analysis of PHA produced from Recombinant E.coli by fermentation of molasses Figure 7 . GC/MS analysis of PHA produced from Recombinant E.coli by fermentation of sucrose
